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in series. The extension capability thereof 1s relatively high.
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COMMON RAIL ASSEMBLY, UREA
INJECTION SYSTEM AND APPLICATION

THEREOFK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Phase Application

under 35 U.S.C. 371 of International Application No. PCT/
CN2015/094449 filed on Nov. 12, 2015 and published 1n
Chinese as WO 2016/078538 Al on May 26, 2016. This
application 1s based on and claims the benefit of priority
from Chinese Patent Application No. 201510105796.1 filed
Mar. 11, 2015 and Chinese Patent Application No.
201410671572.2 filed Nov. 21, 2014. The entire disclosures
of all of the above applications are incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to a common-rail assembly,
a urea injection system, and the application thereof 1n the
technical field of post-treatment of engine exhaust.

BACKGROUND ART

The common-rail system has been applied for a long time
in the fuel 1injection system of engines. The structure of the
common rail for fuel imjection 1s greatly constrained because
it needs to withstand a very high pressure. Since a cylindri-
cal structure can withstand a higher pressure than other
structures, the cylindrical structure 1s adopted for almost all
existing common rails for fuel mjection.

As the standards for exhaust emission in countries all over
the world are increasingly becoming more strict, higher
requirements are put forward for the urea injection system
used for exhaust treatment. How to control the pressure in
the urea 1njection system 1s a common technical problem in
the industry.

In addition, for exhaust treatment of a high-power engine,
the pipeline of the urea injection system 1s often very long
and the pressure loss 1s relatively great, and therefore it 1s
necessary to provide a common rail which can stabilize the
system pressure, the application of the common rail, and a
urea injection system having the common rail.

In addition, when a common rail i1s applied in the post-
treatment system of a high-power engine, 1t 1s oiten neces-
sary to design another common rail matching 1t to meet
different design requirements. Such a solution greatly
increases the cost.

Therefore, 1t 1s necessary to design a new common-rail
assembly based on the combination of a plurality of com-
mon rails to solve the above-mentioned problem.

SUMMARY OF THE INVENTION

The objective of the present invention 1s to provide a
common-rail assembly with high scalability, a urea 1injection
system, and the application thereof.

To achieve the above-mentioned objective, the following
technical solution 1s adopted for the present invention: a
common-rail assembly, used 1n a urea 1njection system, said
common-rail assembly comprising at least a first common
rail and a second common rail which are connected to each
other, wherein said first common rail comprises a {irst
housing, and a pressure detecting device and a pressure
adjusting device installed on said first housing; said first
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housing comprises a first urea inlet channel where a urea
solution enters, a first urea outlet channel where the urea
solution flows out, at least one first feeding 1nlet connected
to said first urea inlet channel, and at least one first back-flow
outlet connected to said first urea outlet channel; said
pressure detecting device 1s connected to said first urea inlet
channel; said pressure adjusting device 1s connected
between said first urea inlet channel and said first urea outlet
channel, and said pressure adjusting device can connect or
disconnect said first urea inlet channel and said first urea
outlet channel; said second common rail comprises a second
housing, and said second housing comprises a second urea
inlet channel connected to said first urea inlet channel, a
second urea outlet channel connected to said first urea outlet
channel, at least one second feeding inlet connected to said
second urea 1nlet channel, and at least one second back-flow
outlet connected to said second urea outlet channel.

As a further improved technical solution of the present
invention, said first housing roughly takes the shape of a
cuboid, and comprises a first end face, a second end face, a
third end face, and a fourth end face, wherein said first end
face 1s set opposite said second end face, and said third end
face 1s set opposite said fourth end face; said first urea inlet
channel and said first urea outlet channel run through said
first end face and/or second end face, said first feeding inlet
runs through said third end face, and said first back-flow
outlet runs through said fourth end face.

As a further improved technical solution of the present
invention, a plurality of said first feeding inlets are provided,
and said first common rail 1s equipped with first feeding
connectors connected to each first feeding inlet; a plurality
of said first back-flow outlets are provided, and said first
common rail 1s equipped with first back-flow connectors
connected to each first back-flow outlet; wherein the number
of said first back-flow connectors 1s the same as the number
of said first feeding connectors.

As a further improved technical solution of the present
invention, said first feeding connectors are arranged at
intervals between said first end face and said second end
face, said first back-flow connectors are also arranged at
intervals between said first end face and said second end
face, said first feeding connectors are 1n the opposite direc-
tion to said first back-tflow connectors, and each first feeding
inlet 1s aligned with the corresponding first back-flow outlet.

As a further improved technical solution of the present
invention, a urea 1s mass sensor 1s 1nstalled on at least one
first feeding connector.

As a further improved technical solution of the present
invention, said first urea inlet channel and said first urea
outlet channel are parallel to each other, said first feeding
connector 1s perpendicular to said {first urea inlet channel,
and said back-flow connector 1s perpendicular to said first
urea outlet channel.

As a further improved technical solution of the present
invention, said common-rail assembly comprises a first
connection pipe which connects said first urea inlet channel
and said second urea 1nlet channel, and a second connection
pipe which connects said first urea outlet channel and said
second urea outlet channel.

As a further improved technical solution of the present
invention, said first housing further comprises a front face
perpendicular to said first, second, third, and fourth end
faces, and a back face opposite said front face, wherein a
mounting hole passing through said back face is provided at
cach of the four corners of said front face.

As a further improved technical solution of the present
invention, said first housing further comprises a front face
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perpendicular to said first, second, third, and fourth end
taces, and a back face opposite said front face, wherein a
mounting groove used for mounting said pressure adjusting,
device 1s set on said back face.

As a further improved technical solution of the present
invention, said pressure adjusting device 1s a pressure con-
trol valve, and said pressure control valve 1s opened when
said pressure sensor detects that the pressure 1s greater than
a set value.

The present invention further relates to a urea injection
system used for treating exhaust of engines. Said urea
injection system comprises a urea tank, a fluid delivery
device used to pump out urea solution in said urea tank, a
common-rail assembly connected to said fluid delivery
device, nozzles connected to said common-rail assembly,
and a controller used to control said urea injection system,
said fluid delivery device comprising a 1s pump used to
pump a urea solution, and said common-rail assembly being,
the above-mentioned common-rail assembly, wherein said
nozzles are connected to said first feeding inlets.

The present invention further relates to the application of
the above-mentioned common rail 1n the exhaust treatment
system ol a diesel engine with a power rating above 500
kilowatts.

Compared with the prior art, the first common rail in the
present invention 1s equipped with a first urea inlet channel
where a urea solution enters, and a first urea outlet channel
where the urea solution flows out, and said pressure adjust-
ing device can connect or disconnect said first urea inlet
channel and said first urea outlet channel to adjust the system
pressure. In addition, by at least connecting the first common
rail and the second common rail in series, an appropriate
number of common rails can be combined according to
different application requirements so that the scalability 1s
very high.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of the urea injection system
used for exhaust treatment of engines.

FIG. 2 1s a 3-D view of the common-rail assembly shown
in FIG. 1.

FIG. 3 1s a top view of FIG. 2.

FIG. 4 15 a bottom view of FIG. 2.

FIG. 5 1s a cutaway view of the common-rail assembly of
the present invention 1n a certain position.

FIG. 6 1s a local exploded view of FIG. 2.

FIG. 7 1s a 3-D exploded view of the first common rail
shown 1n FIG. 2.

FIG. 8 1s a cutaway view of the first common rail shown
in FIG. 2.

DESCRIPTION OF THE PARTICULAR
EMBODIMENTS

As shown 1n FIG. 1, the present invention discloses a urea
injection system (100) which can be used for exhaust
post-treatment of high-power engines. Said urea injection
system (100) comprises a urea tank (1), a filter assembly (3)
connected to said urea tank (1), a fluid delivery device (4)
used for delivering said urea solution, a common-rail assem-
bly (5) connected to said flmid delivery device (4), a plurality
of nozzles (6) connected to said common-rail assembly (5),
and a controller (2) used to control said urea injection system
(100).

In the illustrated implementation mode of the present
invention, said engine (200) 1s a high-power engine with a
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power rating above 500 kilowatts. Said fluid delivery device
(4) 1s equipped with a pump (41) (for example, gear pump)
used to pump a urea solution. In the 1illustrated 1mplemen-
tation mode of the present mvention, said controller (2) 1s
installed on said fluid delivery device (4) to realize integra-
tion. Said nozzle (6) 1s used to inject an atomized urea
solution into the engine exhaust pipe (201). The atomized
urea solution 1s decomposed into ammonia 1 the engine
exhaust pipe (201), and said ammonia reacts with nitrogen
oxides in the exhaust to reduce the emission of nitrogen
oxides. Considering that the principle of exhaust treatment
technology 1s known to those skilled in the art, detailed
description of 1t 1s omitted here.

As shown 1n FIG. 2 to FIG. 8, i the 1illustrated 1mple-
mentation mode of the present invention, said common-rail
assembly (3) comprises a first common rail (51), a second
common rail (52), a third common rail (53), a fourth
common rail (54), and a filth common rail (55) which are
connected 1n series. Said second, third, fourth, and fitth
common rails (52, 53, 54, and 55) are the same 1n structure,
and said first common rail (51) 1s very similar to said second
common rail (52) 1n structure so that they can share equip-
ment/mold to save on manufacturing cost. The following
describes 1n detail the first common rail (51), for example.

As shown 1n FIG. 19 and FIG. 20, said first common rail
(51) 1s used to adjust the pressure in the urea injection
system (100). To be specific, said first common rail (51)
comprises a first housing (511), and a pressure detecting
device (512) and a pressure adjusting device (513) installed
on 1s said first housing (511). Said first housing (3511)
roughly takes the shape of a cuboid, and comprises a first
end face (5111), a second end face (5112), a third end face
(5113), a fourth end face (5114), a front face (5115), and a
back face (5116) opposite said front face (5115) (see FI1G. 4),
wherein, said first end face (3111) 1s set opposite said second
end face (5112); said third end face (5113) is set opposite
said fourth end face (5114); said front face (5115) 1s per-
pendicular to all of said first end face (5111), second end face
(5112), third end face (5113), and fourth end face (5114). A
mounting hole (5117) 1s provided at the four corners of said
front face (5115) to install said first common rail (51) 1n a
predetermined position (see FIG. 8). A mounting groove
(5118) used for mounting said pressure adjusting device
(513) 1s set on said back face (5116).

Said first housing (511) further comprises a first urea nlet
channel (5141) where a urea solution enters, a first urea
outlet channel (5151) where the urea solution flows out, a
plurality of first feeding inlets (5142) connected to said first
urea inlet channel (5141), and a plurality of first back-flow
outlets (5152) connected to said first urea outlet channel
(5151). Said first urea inlet channel (5141) and said first urea
outlet channel (51351) run through said first end face (5111)
and/or second end face (5112). In the illustrated implemen-
tation mode of the present invention, said first urea inlet
channel (5141) and said first urea outlet channel (5151) both
run through said first end face (5111). Said first urea inlet
channel (5141) and said first urea outlet channel (5151) are
parallel to each other, thus facilitating machining. In the
illustrated 1mplementation mode of the present invention,
said third end face (5113) 1s equipped with three first feeding
inlets (5142) and three first feeding connectors (5143)
connected to said first feeding inlets (5142). Each of first
teeding connectors (3143) 1s perpendicular to said {first urea
inlet channel (5141). Said three first feeding connectors
(5143) are arranged at intervals between said first end face
(5111) and second end face (5112). In the illustrated 1mple-

mentation mode of the present invention, a urea mass sensor
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(516) 1s mstalled on the first feeding connector (5143) close
to said third end face (5113). Of course, in other implemen-
tation modes, said urea mass sensor (316) can also be
installed on any first feeding connector (5143); or a urea
mass sensor (516) can also be installed on all three first
feeding connectors (5143).

In the illustrated implementation mode of the present
invention, the number of said first back-tlow outlets (5152)
1s also three, and three first back-tlow outlets (5152) and
three first back-flow connectors (3153) connected to said
first back-tlow outlets (5152) are set on said fourth end face
(5114). Each of the first back-tlow connectors (5153) 1s
perpendicular to said first urea outlet channel (51351). Said
three first back-flow connectors (5153) are also arranged at

intervals between said first end face (5111) and second end
tace (5112). Said first feeding inlets (5142) run through said

third end face (5113), and said first back-tflow outlets (5152)
run through said fourth end face (5114). The number of said
first back-tlow connectors (5153) 1s the same as the number
of said first feeding connectors (5143), but theirr mounting
directions are the opposite. Each first feeding inlet (5142) 1s
aligned with a corresponding first back-flow outlet (5152).

In the illustrated implementation mode of the present
invention, said pressure detecting device (512) 1s a pressure
sensor, which 1s mstalled on said second end face (5112) and
connects said first urea inlet channel (5141). In the 1llus-
trated implementation mode of the present invention, said
pressure adjusting device (512) 1s a pressure control valve,
which 1s 1nstalled 1n said mounting groove (5118). Func-
tionally, said pressure control valve 1s connected between
said first urea 1nlet channel (5141) and said first urea outlet
channel (5151), and said pressure control valve can connect
or disconnect said first urea inlet channel (5141) and said
first urea outlet channel (51351). For example, when said
pressure sensor detects that the pressure in said first urea
inlet channel (5141) 1s greater than a set value, said con-
troller (2) opens said pressure control valve to realize
pressure relief.

The first common rail (31) 1n the present invention 1s quite
different from the existing common rails for fuel 1njection.
First of all, a lot of data analysis shows that the pressure
which the common rail of the present invention, applied in
the urea injection system (100), needs to withstand 1s far
lower than what the common rail for fuel injection with-
stands. Based on such analysis, the cuboid first housing
(511) disclosed 1n the present mvention has high machin-
ability. More importantly, this provides a feasible solution
for the integration of the first urea outlet channel (5151) into
said first common rail (51). In the illustrated implementation
mode of the present invention, the diameter of said first urea
inlet channel (5141) 1s of course greater than the diameter of
said first urea outlet channel (5151). The reason for such a
design 1s that scientific analysis shows that the pressures
which said first urea inlet channel (5141) and said first urea
outlet channel (5151) need to withstand are also different.

Said second common rail (52) 1s very similar to said first
common rail (51) in structure. Said second common rail 1s
briefly described as follows:

Said second common rail (52) comprises a second hous-
ing (521), and said second housing (521) comprises a second
urea inlet channel (5241) connected to said first urea inlet
channel (5141), a second urea outlet channel (5251) con-
nected to said first urea outlet channel (5151), a plurality of
second feeding inlets (5242) connected to said second urea
inlet channel (5241), and a plurality of second back-tlow
outlets (5252) connected to said second urea outlet channel

(5251).
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In addition, said common-rail assembly (5) further com-
prises a first connection pipe (517) which connects said first
urea inlet channel (5141) and said second urea inlet channel
(5241), and a second connection pipe (518) which connects
said first urea outlet channel (5241) and said second urea
outlet channel (5251). Said first connection pipe (517) and
said second connection pipe (518) are both hollow pipes so
that a urea solution can tlow in the first commeon rail (51) and
the second common rail.

It should be understood that the present invention com-
prises a plurality of first connection pipes (5317) and a
plurality of second connection pipes (518) to connect said
first common rail (51), second common rail (52), third
common rail (53), fourth common rail (54), and fifth com-
mon rail (55) in series. With such settings, an appropriate
number of common rails can be selected and combined
according to different application requirements. The scal-
ability of the present invention 1s high.

In addition, the pressure control valve installed on said
first common rail (31) has three functions: 1. helping to build
up the pressure in the urea pipeline, 2. stabilizing and
controlling the pressure after the pressure 1s built 1s up, 3.
with the aid of contra-rotations of said pump (41), drawing
the air 1 said urea tank (1) mto the pipeline of said urea
injection system to evacuate the urea solution from said
pipeline before said urea injection system (100) stops.

To be specific, when the system just starts to build up
pressure, a lot of air may exist in the pipeline. However, the
compressibility of air easily leads to a pressure buildup
failure. The pressure control valve designed 1n the present
invention skillfully solves the problem. When the system
just starts to build up pressure, said controller (2) controls
the openming of said pressure control valve (for example,
keeps said pressure control valve at a certain {ixed opening
angle or a variable opening angle) to connect said {irst urea
inlet channel (5141) and said first urea outlet channel (5151)
to provide one channel to release the air in the pipeline so
that pressure can quickly be built up 1n the pipeline.

After the pressure buildup of the system 1s completed,
said controller (2) will quickly adjust the opening angle of
said pressure control valve to ensure that the urea pressure
in said first common rail (51) 1s maintained around a set
pressure and basically remains constant, thus achieving the
aim of adjusting the pressure by controlling the back-tlow
volume of the urea solution.

Before said urea injection system (100) stops, said con-
troller (2) opens said pressure control valve, said pump (41)
contra-rotates to draw the air 1n said urea tank (1) into the
pipeline of said urea 1njection system to evacuate the urea
solution from said pipeline. It should be noted that “before
said urea injection system (100) stops” means that said
controller (2) has already received the signal indicating that
the system 1s to stop. At this time, said nozzle (6) has already
stopped 1njection, but said pump (41) 1s still rotating (for
example, contra-rotating). The purpose of evacuating the
urea solution from said pipeline 1s to prevent the system
from being damaged by freezing or expansion of the urea
solution.

In the illustrated implementation mode, three nozzles (6)
are set for each common rail. Each nozzle (6) 1s equipped
with delivery pipelines (61) connected to the corresponding
teeding inlets and back-tlow pipelines (62) 1s connected to
the corresponding back-tflow outlets. With such settings, on
the one hand, said nozzles (6) can 1nject a urea solution 1nto
said exhaust pipe (201) for a chemical reaction, and on the
other hand, the urea solution flowing back can be utilized to
cool said nozzles (6). The urea solution tlowing back first
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gathers 1n the corresponding common rail through back-tlow
pipelines (62), and then uniformly flows back to said urea
tank (1) through the back-flow pipeline (300). In the prior
art, a solution where said flow-back pipelines (62) are
directly mtroduced to said urea tank (1) 1s usually adopted.
In such a solution, each nozzle (6) requires an 1ndependent
back-flow pipeline (62), and thus the cost 1s very high. In
addition, 1n the applications of the present invention, espe-
cially 1n the exhaust treatment system of a high-power
engine, the pipelines between said urea tank (1) and said
nozzles (6) are often long, and the existing back-tflow design
cannot satisly the requirements.

In addition, the above-mentioned embodiments are only
used to describe the present invention, but not restrict the
technical solutions described for the present invention. The
understanding of the specification, for example, “run
through from front to back” (meaning “run through before
other parts are installed), and the description of directions
such as front, back, left, right, top, and bottom, should be
based on those skilled in the art. Although a detailed
description of the present invention 1s given 1n the specifi-
cation with reference to the above-mentioned embodiments,
those skilled in the art should understand that a person
skilled 1n the art can still make modifications to or equivalent
replacements in the present mvention. Technical solutions
and improvements without departing from the spirit and
scope ol the present mvention should all fall within the
scope of the claims of the present invention.

The 1nvention claimed 1s:

1. A common-rail assembly used in a urea injection
system, characterized in that said common-rail assembly
comprises at least a first common rail and a second common
raill which are connected to each other, wherein said first
common rail comprises a first housing, and a pressure
detecting device and a pressure adjusting device 1nstalled on
said first housing; said first housing comprises a first urea
inlet channel where a urea solution enters, a first urea outlet
channel where the urea solution flows out, at least one first
teeding inlet connected to said first urea inlet channel, and
at least one first back-tlow outlet connected to said first urea
outlet channel; said pressure detecting device 1s connected to
said first urea inlet channel; said pressure adjusting device 1s
connected between said first urea inlet channel and said first
urea outlet channel, and said pressure adjusting device can
connect or disconnect said {irst urea inlet channel and said
first urea outlet channel; said second common rail comprises
a second housing, and said second housing comprises a
second urea inlet channel connected to said first urea mlet
channel, a second urea outlet channel connected to said first
urea outlet channel, at least one second feeding inlet con-
nected to said second urea inlet channel, and at least one
second back-flow outlet connected to said second urea outlet
channel, wherein said first housing roughly takes the shape
of a cuboid, and comprises a first end face, a second end
face, a third end face, and a fourth end face, wherein said
first end face 1s set opposite said second end face, and said
third end face 1s set opposite said fourth end face; said first
urea inlet channel and said first urea outlet channel run
through said first end face and/or second end face, said first
feeding inlet runs through said third end face, and said first
back-flow outlet runs through said fourth end face.

2. The common-rail assembly as claimed in claim 1,
wherein a plurality of said first feeding inlets are provided,
and said first common rail 1s equipped with first feeding
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connectors connected to each first feeding inlet; a plurality
of said first back-flow outlets are provided, and said first
common rail 1s equipped with first back-flow connectors
connected to each first back-flow outlet; wherein the number
of said first back-tlow connectors 1s the same as the number
of said first feeding connectors.

3. The common-rail assembly as claimed 1n claim 2,
wherein said first feeding connectors are arranged at inter-
vals between said first end face and said second end face,
said first back-flow connectors are also arranged at intervals
between said first end face and said second end face, said
first feeding connectors are in the opposite direction to said
first back-flow connectors, and each first feeding inlet 1s
aligned with the corresponding first back-flow outlet.

4. The common-rail assembly according to claim 2,
wherein a urea mass sensor 1s installed on at least one first
feeding connector.

5. The common-rail assembly as claimed i claim 1,
wherein said first urea inlet channel and said first urea outlet
channel are parallel to each other, said first feeding connec-
tor 1s perpendicular to said first urea 1nlet channel, and said
back-flow connector 1s perpendicular to said first urea outlet
channel.

6. The common-rail assembly as claimed 1 claim 1,
wherein said common-rail assembly comprises a first con-
nection pipe which connects said first urea inlet channel and
said second urea inlet channel, and a second connection pipe
which connects said first urea outlet channel and said second
urea outlet channel.

7. The common-rail assembly as claimed i claim 1,
wherein said first housing further comprises a front face
perpendicular to said first, second, third, and fourth end
faces, and a back face opposite said front face, wherein a
mounting hole passing through said back face 1s provided at
cach of the four comers of said front face.

8. The common-rail assembly as claimed 1n claim 1,
wherein said first housing further comprises a front face
perpendicular to said first, second, third, and fourth end
faces, and a back face opposite said front face, wherein a
mounting groove used for mounting said pressure adjusting
device 1s set on said back face.

9. The common-rail assembly as claimed i claim 8,
wherein said pressure adjusting device 1s a pressure control
valve, and said pressure control valve 1s opened when said
pressure detecting device detects that the pressure 1s greater
than a set value.

10. A urea 1njection system used for treating exhaust of
engines, said urea injection system comprising a urea tank,
a fluid delivery device used to pump out urea solution 1n said
urea tank, a common-rail assembly connected to said fluid
delivery device, nozzles connected to said common-rail
assembly, and a controller used to control said urea 1njection
system, said flmd delivery device comprising a pump used
to pump a urea solution, and said common-rail assembly
being the common-rail assembly as claimed 1n claim 1,
wherein said nozzles are connected to said first feeding
inlets.

11. The application of a common-rail assembly i1n the
exhaust post-treatment system of a diesel engine with a
power rating above 500 kilowatts, wherein said common-
rail assembly 1s the common-rail assembly as claimed in
claim 1.
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